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DESCRIPTION 

DESIGN SUPPORT APPARATUS FOR SEMICONDUCTOR DEVICES 

5 TECHNICAL FIELD 

[0001] The present invention relates to a design support 

apparatus for supporting designing of semiconductor devices 
that performs, in semiconductor package design of a wire- 
bond type for arranging semiconductor chips like logics and 
10 memories, design concerning bond wiring taking into account 
fluctuation in manufacturing in a semiconductor 
manufacturing process . 

BACKGROUND ART 

15 [0002] Conventionally, in designing a semiconductor 

device like a semiconductor package, arrangement positions 
of an interposer and semiconductor chips, wiring positions, 
and the like are examined in advance with a design support 
apparatus for semiconductor devices. As such a design 

20 support apparatus for semiconductor devices, there is one 
including a data combining unit that inputs, for example, 
chip data having layout information of chips and frame data 
having layout information of frames and arranges the chip 
data and the frame data in predetermined positions to 

25 create a combined drawing, a connection diagram creating 
unit that automatically or interactively creates, with 
respect to the combined drawing created by the data 
combining unit, a chip/frame connection diagram with 
reference to connection diagram information created by 

30 using the identical chips and other frames, and a 

connection diagram information storing unit that extracts 
connection diagram information, which the connection 
diagram creating unit refers to in creating a connection 
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diagram, based on the chip/ frame connection diagram created 
by the connection diagram creating unit and stores the 
connection diagram information. In such a design support 
apparatus for semiconductor devices, the connection diagram 
information storing unit stores the connection diagram 
information such as the connection diagram and pads used 
such that the connection diagram information is referred to 
in later connection work with other frames. Consequently, 
the connection diagram creating unit creates a connection 
diagram with reference to the connection diagram 
information stored by the connection diagram information 
storing unit. Thus, there is an advantage that it is 
possible to correctly perform connection of wires. 
[0003] Patent Document 1: Japanese Patent Application 
Laid-open No. H5-67679 

DISCLOSURE OF INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0004] In the above conventional technology, bond wiring 

20 rule checlc is carried out for bond wires that connect 

semiconductor chips and lead frames. However, in such a 
technology, it is impossible to carry out design rule 
measurement, which ta]ces into account fluctuation in 
arrangement positions of the semiconductor chips in the 
25 manufacturing process for semiconductor devices, before 
manufacturing semiconductor devices. Therefore, it is 
impossible to detect deficiencies concerning the bond wires 
li]ce contact among the bond wires and contact between the 
bond wires and the semiconductor chips in advance. These 
30 deficiencies may be detected in the actual manufacturing 
process for semiconductor devices. The detection of such 
deficiencies in the actual manufacturing process for 
semiconductor devices leads to deterioration in a product 
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yield. 

[0005] The present invention has been devised in view of 
the above problems and it is an object of the present 
invention to obtain a design support apparatus for 
5 semiconductor devices that makes it possible to prevent 
deficiencies concerning bond wires such as contact among 
the bond wires in manufacturing semiconductor devices and 
manufacture semiconductor devices with a high product yield. 

10 MEANS FOR SOLVING PROBLEM 

[0006] To solve the above problems and to achieve the 

above objects, according to an aspect of the present 
invention, a design support apparatus for semiconductor 
devices that supports wiring design for bond wires that 

15 connect a semiconductor chip and an interposer, the design 
support apparatus for semiconductor devices, includes a 
unit that creates simulated design data simulating 
occurrence of fluctuation in an arrangement position of a 
semiconductor chip on an interposer and occurrence of 

20 fluctuation in bond wire connection terminal positions of 
the interposer; and an analyzing unit that analyzes, based 
on the simulated design data, deficiencies in manufacturing 
of semiconductor devices due to the fluctuation in the 
arrangement position of the semiconductor chip on the 

25 interposer and the fluctuation in the bond wire connection 
terminal positions of the interposer. 

[0007] The design support apparatus for semiconductor 

devices according to the above aspect of the present 
invention creates, in advance, simulated design data that 
30 simulates the occurrence of fluctuation in arrangement 

positions of the semiconductor chips on the interposer and 
the occurrence of fluctuation in bond wire connection 
terminal positions of the interposer. Design rule checlc 
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taking into account manufacturing fluctuation in a 
manufacturing process for semiconductor devices is 
performed based on the simulated design data. In other 
words, the simulated design data is analyzed and verified 
5 to detect deficiencies in manufacturing of semiconductor 
devices due to the fluctuation in arrangement positions of 
the semiconductor chips on the interposer and the 
fluctuation in bond wire connection terminal positions of 
the interposer in advance. 

10 

EFFECT OF THE INVENTION 

[0008] According to the design support apparatus for 
semiconductor device according to an aspect of the present 
invention, since design rule measurement taking into 

15 account manufacturing fluctuation in the manufacturing 
process for semiconductor devices is carried out, it is 
possible to detect deficiencies concerning bond wires such 
as contact among the bond wires and contact between the 
bond wires and the interposer in manufacturing 

20 semiconductor devices in advance, that is, at a design 
stage for the semiconductor devices before carrying out 
actual manufacture of the semiconductor devices. When 
deficiencies concerning the bond wires are detected at the 
design stage for the semiconductor devices, it is possible 

25 to correct these deficiencies at the design stage and 

design normal semiconductor devices. Therefore, according 
to design support apparatus for semiconductor devices 
according to the present invention, there is an effect that 
it is possible to obtain a design support apparatus for 

30 semiconductor devices that can prevent the occurrence of 
deficiencies concerning the bond wires such as contact 
among the bond wires in manufacturing semiconductor devices 
to improve a product yield and makes it possible to 
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manufacture semiconductor devices with a high product yield. 
BRIEF DESCRIPTION OF DRAWINGS 

[0009] Fig. 1 is a block diagram of relevant portions of 
5 a design support apparatus for semiconductor devices 

according to an embodiment of the present invention; 
Fig. 2 is a cross-section of an example of a 

semiconductor package structured- 
Fig. 3 is a top view of an example of the 
10 semiconductor package structure; 

Fig. 4 is a diagram of a state in which a 

semiconductor chip is arranged at a deviated position from 

an arrangement position in design on an interposer; 

Fig. 5 is a diagram of a state in which the interposer 
15 is arranged at a deviated position from an arrangement 

position in design; 

Fig. 8 is a diagram of a state in which the 

semiconductor chip is arranged at the arrangement position 

in design; 

20 Fig. 9 is a diagram of a state in which the 

semiconductor chip is arranged at a deviated position from 
the arrangement position in design; 

Fig. 10 is a diagram of a state in which the 
semiconductor chip is arranged at a deviated position from 
25 the arrangement position in design; 

Fig. 13 is a diagram of an example of a factor table 
in which factors of manufacturing fluctuation and levels of 
the manufacturing fluctuation are arranged; 

Fig. 14 is a diagram of an example of an L9 orthogonal 
30 table in which the factors in Fig. 13 are arranged; and 

Fig. 15 is a diagram for explaining input and output 
information in a data analyzing unit. 
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EXPLANATIONS OF LETTERS OR NUMERALS 

[0010] 1 Design data of a semiconductor package 
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Input control unit 
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Assembly unit 
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Interposer arranging unit 




5 


Die bond unit 
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Wire bond unit 
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Design rule measuring unit 
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Measurement result 
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Measurement result data 




9 


Data analyzing unit 
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Analysis result data 
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Semiconductor chip 
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Semiconductor chip 
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12 


Interposer 
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Bond wires 
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Bonding pads 
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Bonding fingers 
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Factor table 
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17 


Orthogonal table 



BEST MODE(S) FOR CARRYING OUT THE INVENTION 

[0011] Exemplary embodiments of a design support 

apparatus for semiconductor devices according to the 

25 present invention are explained in detail below based on 

the drawings. The present invention is not limited to the 
following description. It is possible to modify the 
present invention according to circumstances within a range 
not departing from the spirit of the present invention. 

30 [0012] Embodiment 

Fig. 1 is a block diagram of relevant portions of a 
design support apparatus for semiconductor devices 
according to an embodiment of the present invention. The 
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design support apparatus for semiconductor devices includes 
an input control unit 2, an interposer arranging unit 4, a 
die bond unit 5, a wire bond unit 6, a design rule 
measuring unit 7, a storing unit 8, and a data analyzing 
5 unit 9. Arrows indicate flow of data. The interposer 
arranging unit 4, the die bond unit 5, and the wire bond 
unit 6 are collectively referred to as an assembly unit 3. 
[0013] Figs. 2 and 3 are diagrams of an example of a 
structure of a semiconductor package that can be designed 

10 by this design support apparatus. Fig. 2 is a cross- 
section of the semiconductor package. Fig. 3 is a top view 
of the semiconductor package. As shown in Figs. 2 and 3, 
this semiconductor package includes a semiconductor chip 
11a and a semiconductor chip lib (hereinafter generally 

15 referred to as semiconductor chip 11 in some cases) , an 

interposer 12^ bond wires 13, bonding pads 14, and bonding 
fingers 15. In Figs. 2 and 3, an example of the 
semiconductor package in which two semiconductor chips are 
stacked is shown. However, the present invention is not 

20 limited to this arrangement. In other words, it is 
possible to apply the present invention to design of 
semiconductor packages including only one semiconductor 
chip and widely apply the present invention to design of 
semiconductor packages including three or more 

25 semiconductor chips. 

[0014] The input control unit 2 receives an input of 

design data 1 of the semiconductor package. The design 
data 1 concerning the semiconductor package like a shape of 
the interposer 12 like a substrate for semiconductor 

30 packages or a lead frame, a shape of the semiconductor chip 
11, an arrangement position of the semiconductor chip 11 on 
the interposer 12, a shape of the bond wires 13 that 
connect the semiconductor chips and the interposer 12, and 
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wire bond coordinates, that is, arrangement positions of 
the bond wires 13 that connect the semiconductor chip 11 
and the interposer 12 is input to the input control unit 2 . 
The assembly unit 3 creates simulated design data 
5 simulating occurrence of manufacturing fluctuation with the 
design data 1 of the semiconductor package input in the 
input control unit 2 as an input. The input control unit 2 
does not always have to be provided. It is also possible 
to directly input the design data 1 concerning the 
10 semiconductor package to the assembly unit 3 from the 
outside . 

[0015] Based on the design data 1 input from the input 

control unit 2, the interposer arranging unit 4 can create, 
in anticipation of occurrence of manufacturing fluctuation 

15 in arrangement of the interposer 12, data obtained by 
arranging the interposer 12 in a position where the 
occurrence of manufacturing fluctuation is simulated. The 
interposer arranging unit 4 creates data obtained by 
arranging the interposer 12 when manufacturing fluctuation 

20 (fluctuation in an arrangement position of the interposer 

12) occurs in an X direction with respect to an arrangement 
position in design of the interposer 12 (an in-plane 
direction on a main surface of the interposer), for example, 
as shown in Fig. 4 or in a Y direction (an in-plane 

25 direction on the main surface of the interposer) , for 
example, as shown in Fig. 5. 

[0016] The interposer arranging unit 4 also creates data 
obtained by arranging the interposer 12 when manufacturing 
fluctuation (fluctuation in an arrangement position of the 
30 interposer 12) occurs in an oblique direction with respect 
to the design arrangement direction of the interposer 12, 
that is, both the X and the Y directions, for example, as 
shown in Fig. 6, in a rotation direction (a rotation 
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direction on the main surface of the interposer) , for 
example, as shown in Fig. 1 , or a Z direction with respect 
to the main surface of the interposer (a mounting height 
direction of the interposer) . An alternate long and short 
5 dash line in Figs. 4 to 7 indicates the arrangement 
position in design of the interposer 12. 

[0017] Based on the design data 1 input from the input 

control unit 2 and the data created by the interposer 
arranging unit 4, the die bond unit 5 creates, in 

10 anticipation of occurrence of manufacturing fluctuation in 
arrangement of the semiconductor chip 11 on the interposer 
12, semiconductor chip simulated arrangement data obtained 
by arranging the semiconductor chip 11 in a position where 
occurrence of manufacturing fluctuation on the interposer 

15 12 is simulated. For example, it is assumed that an 

arrangement position of the semiconductor chip 11 shown in 
Fig. 8 is the arrangement position in design of the 
semiconductor chip 11 on the interposer 12. In this case, 
the die bond unit 5 creates data obtained by arranging the 

20 interposer 12 when manufacturing fluctuation (fluctuation 
in an arrangement position of the semiconductor chip 11 on 
the interposer 12) occurs in an X direction with respect to 
the arrangement position in design of the semiconductor 
chip 11 on the interposer 12 (an in-plane direction on an 

25 arrangement surface of the semiconductor chip on the 

interposer), for example, as shown in Fig. 9 or in a Y 
direction (an in-plane direction on an arrangement surface 
of the semiconductor chip on the interposer), for example, 
as shown in Fig. 10. 

30 [0018] The die bond unit 5 also creates data obtained by 

arranging the semiconductor chip 11 when manufacturing 
fluctuation (fluctuation in an arrangement position of the 
semiconductor chip 11 on the interposer 12) occurs in 
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inclination in an oblique direction with respect to the 
arrangement position in design of the semiconductor chip 11 
on the interposer 12, that is, both the X and the Y 
directions, for example, as shown in Fig. 11, a rotation 
5 direction (a rotation direction on an arrangement surface 
of the semiconductor chip on the interposer), for example, 
as shown in Fig. 12, or a Z direction with respect to the 
main surface of the interposer (a thickness direction of 
the interposer) . An alternate long and short dash line in 
10 Figs. 9 to 12 indicates the arrangement position in design 
on the interposer 12 . 

[0019] The wire bond 6 creates, based on the design data 

1 input from the input control unit 2 and the data created 
by the die bond unit 5, bond wire simulation data obtained 
15 by wiring the bond wires 13, which connect the bonding pads 

14 of the semiconductor chip 11 arranged to deviate from 
the arrangement position in design and the bonding fingers 

15 of the interposer 12, when manufacturing fluctuation 
from the arrangement position in design on the interposer 

20 12 created by the die bond unit 5 occurs, that is, when the 
semiconductor chip 11 is arranged in a position where 
occurrence of manufacturing fluctuation is simulated on the 
interposer 12 . 

[0020] The design rule measuring unit 7 carries out 

25 design rule measurement concerning the bond wires 13 wired 
by the wire bond unit 6. The design rule measuring unit 7 
measures the clearance among the bond wires 13, the 
clearance between the bond wires 13 and the semiconductor 
chip 11, the clearance between the bond wires 13 and the 
30 interposer 12, the clearance between the bond wires 13 and 
the bonding pads 14, and the clearance between the bond 
wires 13 and the bonding fingers 15. 

[0021] The data analyzing unit 9 performs statistical 
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analysis with measurement results 7a in the design rule 
measurement unit 7 as inputs. The analysis in the data 
analyzing unit 9 is performed for, for example, a tolerance 
of fluctuation in an arrangement position of the 
5 semiconductor chip 11 on the interposer 12 satisfying a 
design rule, a tolerance of fluctuation in a bond wire 
connection terminal position of the interposer 12 for the 
semiconductor chip 11 satisfying the design rule, a 
fluctuation distribution chart, a process capability index, 

10 a standard deviation, dispersion, an average, a non- 
defective ratio/defective ratio, an SN ratio, and the like. 
[0022] Operations of the design support apparatus for 

semiconductor devices according to this embodiment 
described above are explained. First, the design data 1 

15 concerning the semiconductor package such as a shape of the 
interposer 12, a shape of the semiconductor chip 11, an 
arrangement position of the semiconductor chip 11 on the 
interposer 12, a shape of the bond wires 13 that connect 
the semiconductor chip 11 and the interposer 12, and wire 

20 bond coordinates are input to the input control unit 2. 
The input control unit 2 receives the design data 1 
concerning the semiconductor package and outputs the design 
data 1 to the interposer arranging unit 4. 

[0023] When the interposer arranging unit 4 receives the 

25 design data 1 concerning the semiconductor package from the 
input control unit 2, based on the design data 1, the 
interposer arranging unit 4 creates, in anticipation of 
occurrence of manufacturing fluctuation in an arrangement 
of the interposer 12, data obtained by arranging the 
30 interposer 12 in a position where occurrence of 

manufacturing fluctuation is simulated. The interposer 
arranging unit 4 outputs data created to the wire bond unit 
6 together with the design data 1 concerning the 
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semiconductor package . 

[0024] When the die bond unit 5 receives the data from 
the interposer arranging unit 4, based on the design data 1 
and the data created by the interposer arranging unit 4 , 
5 the die bond unit 5 creates, in anticipation of occurrence 
of manufacturing fluctuation in arrangement of the 
semiconductor chip 11 on the interposer 12, semiconductor 
chip simulated arrangement data obtained by arranging the 
semiconductor chip 11 in a position where occurrence of 
10 manufacturing fluctuation on the interposer 12 is simulated. 
The die bond unit 5 outputs the data created to the wire 
bond unit 6 together with the design data 1 concerning the 
semiconductor package 1 . 

[0025] Two methods are available to create manufacturing 

15 fluctuation in the interposer arranging unit 4. First, 
create manufacturing fluctuation at random according to 
fluctuation distribution like normal distribution or 
uniform distribution. Second, create manufacturing 
fluctuation according to the experimental design. 

20 [0026] The second method of creating manufacturing 

fluctuation according to the experimental design with a 
horizontal direction, a vertical direction, or a rotation 
direction of an arrangement position of the semiconductor 
chip 11 or an arrangement height of the semiconductor chip 

25 11 and inclination of the semiconductor chip 11 set as 

factors is shown in Fig. 13. A table 16 of the factors and 
levels of the factors is shown in Fig. 13. In Fig. 13, the 
horizontal direction, the vertical direction, and the 
height direction of the semiconductor chip 11 are set as 

30 factors and the respective factors are set in three levels. 
An example in which the factors in Fig, 13 are arranged in 
an L9 orthogonal table 17 is shown in Fig. 14. In the 
present invention, it is possible to arbitrarily select the 
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number of factors and levels of the factors. An orthogonal 
table in which the factors are arranged is not limited to 
the L9 orthogonal table 17. It is possible to select an 
arbitrary orthogonal table. By using such an orthogonal 
5 table, it is possible to check an error in selection of 
optimum conditions at the time of design. It is possible 
to prevent a wrong check result and selection of conditions 
from being transferred to the following process and perform 
high-quality design . 

10 [0027] Subsequently, the wire bond unit 6 creates, based 

on the design data 1 and the data created by the die bond 
unit 5, bond wire simulation data obtained by wiring the 
bond wires 13, which connect the bonding pads 14 of the 
semiconductor chip 11 and the bonding fingers 15 of the 

15 interposer 12, when the semiconductor chip 11 is arranged 

in a position where occurrence of manufacturing fluctuation 
on the interposer 12 is simulated. The wire bond unit 6 
outputs the data created to the design rule measuring unit 
7 together with the design data 1 concerning the 

20 semiconductor package. 

[0028] The design rule measuring unit 7 carries out, 

based on the data input from the wire bond unit 6, design 
rule measurement concerning the bond wires 13 wired by the 
wire bond unit 6. The design rule measurement is performed 

25 for the clearance among the bond wires 13, the clearance 
between the bond wires 13 and the semiconductor chip 11, 
the clearance between the bond wires 13 and the interposer 
12, the clearance between the bond wires 13 and the bonding 
pads 14, and the clearance between the bond wires 13 and 

30 the bonding fingers 15. After ending the measurement, the 
design rule measuring unit 7 outputs the measurement 
results 7a to the storing unit 8 as results of the 
measurement together with the design data 1 concerning the 
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semiconductor package. The storing unit 8 stores the 
measurement results 7a input from the design rule measuring 
unit 7 together with the design data 1 concerning the 
semiconductor package . 
5 [0029] The processing in the assembly unit 3, the design 

rule measuring unit 1 , and the storing unit 8 is repeated a 
predetermined number of times. The data analyzing unit 9 
analyzes the measurement results in the design rule 
measuring unit 7 and outputs analysis results 9a. In the 

10 example shown in Fig. 14 in which manufacturing fluctuation 
is created using the L9 orthogonal table 17, the processing 
in the assembly unit 3, the design rule measuring unit 7, 
and the storing unit 8 is repeated nine times in total. 
[0030] Subsequently, the data analyzing unit 9 performs 

15 statistical analysis with the measurement results 7a in the 
design rule measuring unit 7 stored in the storing unit 8 
as inputs as shown in Fig. 15. The analysis in the data 
analyzing unit 9 is performed for, for example, 
characteristic values such as tolerances of fluctuation, 

20 that is, a tolerance of fluctuation in an arrangement 

position of the semiconductor chip 11 on the interposer 12 
satisfying a design rule and a tolerance of fluctuation in 
bond wire connection terminal positions of the interposer 
12 for the semiconductor chip 11 satisfying the design rule, 

25 a fluctuation distribution chart, a process capability 

index, a standard deviation, dispersion, an average, a non- 
defective ratio/defective ratio, and an SN ratio. The data 
analyzing unit 9 outputs these analysis results 9a to the 
storing unit 8. The storing unit 8 stores the analysis 

30 results 9a input from the data analyzing unit 9. The data 
analyzing unit 9 is also capable of outputting the analysis 
results 9a to the outside. 

[0031] In this way, in this embodiment, the data 
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analyzing unit 9 performs the analysis described above. 
Consequently, design rule check taking into account 
manufacturing fluctuation in the manufacturing process for 
semiconductor devices is performed. In other words, 
5 deficiencies in manufacturing of the semiconductor devices 
due to fluctuation in an arrangement position of the 
semiconductor chip on the interposer and fluctuation in a 
bond wire connection terminal position of the interposer 
are detected in advance by analyzing and verifying 

10 simulated design data. Specifically, it is possible to 
detect, at a design stage for the semiconductor devices, 
deficiencies concerning the bond wires such as contact 
among the bond wires and contact between the bond wires and 
the interposer in manufacturing the semiconductor devices. 

15 [0032] Consequently, when deficiencies concerning the 

bond wires are detected at the design stage for the 
semiconductor devices, it is possible to correct the 
deficiencies at the design stage and redesign normal 
semiconductor devices. Therefore, according to the design 

20 support apparatus for semiconductor devices, it is possible 
to obtain a design support apparatus for semiconductor 
devices that makes it possible to prevent deficiencies 
concerning bond wires such as contact among the bond wires 
in manufacturing semiconductor devices to improve a product 

25 yield and makes it possible to manufacture semiconductor 
devices with a high product yield. 

[0033] The present invention is not limited to the 

design of a semiconductor package described above. It is 
also possible to widely apply the present invention when a 
30 semiconductor chip is directly packaged on a power module 
or a printed board. 

INDUSTRIAL APPLICABILITY 



[0034] As described above, the design support apparatus 
for semiconductor devices according to the present 
invention is useful for design of semiconductor devices. 
In particular, the design support apparatus for 
semiconductor devices is suitable for manufacturing of 
semiconductor devices in which occurrence of deficiencies 
concerning bond wires is apprehended because of further 
refining thereof. 



